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INTRODUCTION

“The Pellet Fuel Institutes (PFI) ... expressed interest in
uncovering wood fuel pellets life-cycle process costs and net
energy output compared to other space heating fuel options.

B study examined the processing costs, net energy output, and fossil energy
ratios for: heating oil, natural gas, liquid petroleum gas (LPG), switchgrass,
corn, ge:]thermal green wood chips, and wood pelret fuel.

1

A functional unit of 1 milhon Btu (MMBTU) was established as an input energy
value.

Existing studies, the Depariment of Energy, the Argonne National Laboratory

Greenhouses %;ases Regulated Emissions, and Energy use in Transportation
(GREET) Model |, as well as personal interviews were utilized in calcu ating life-
cycle costs and energy expenditures. The GREET Model has been used in a

host of life-cycle reports, technical papers, and presentations[1].

Life-cycle paths of highest and lowest efficiency were determined for each space
heating fuel. Averaé]es taken from the highest and lowest efficiency life-cycles
were computed and utilized to make overall compansons of the process cost,

fossil energy ratio, and net energy rafio... ... :



Two Research Phases
S

This baseline study would provide PFl a
window as to whether the LCA of pellet
fuel Is Indeed a benefit to the US

nationally.

he PFI study grew into a foundation for
Josh’s thesis work that further dissected
the findings, energy balance & greenhouse
gas emissions as It focused on Wisconsin.



Thesis Problem Statement
S

How does the life cycle cost, energy balance,
and greenhouse gas emissions of wood fuel
pellets compare to other Wisconsin space
heating fuels?



Used Wisconsin space heating fuel
options as a base for comparison

- Natural Gas

- Petroleum

e Heating oil (#2 diesel)
o LPG

- (Geothermal
- Corn

- Wood pellets
- Green wood chips

- Switchgrass



Objectives

S ———
e Compare life cycle:

1. Energy expenditures
2. Fossil energy expenditures

3. Greenhouse gas emissions
4. Process costs



LCA Components
S ———

e System Boundaries
- |S0O standards

e Define Unit Process steps

e Functional Unit
- MMBtu

e Qutcomes




Methodology
S ———

e Examine existing life cycle data

e Coordinate with Pellet Fuel Institute members
e Develop the LCA boundary

e Perform sensitivity analysis

e Analyze results
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THESIS BACKGROUND &
RESEARCH

Energy Consumption by Sector
S

United States Historical Ensrgy Consumption by 3actor

Figure 1: LInited States Historcal Energy Consumption by Sector
(Figure data taken from the United States Depariment of Energy EIA, 2006d)



Energy Production vs. Consumption

United States Enargy Consumpticn and Production
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Consumption by Fuel Type
S ———

Untted States Historical Enargy Consumption by Fusl Typse
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Thesis Focal Area---WISCONSIN

Wisconsin Total Enargy Consumption by Fusl Typs | 2005)
(Trimen Btu and Parcantags)
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Wisconsin Energy
Consumption by Sector

VWisconsin Resoursa Ensrgy Consumption by Enargy 3ector (2005)
[Trilen Btu and Parcsntags)




Wisconsin Residential
Energy Use by Sector

2005 Wisconsin Resldentizl Enargy Uss by Type of Fusl
[Triillen Bty 2nd Parcentags)
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Space Heating was the focus
S ———

Millions of Households

70.00
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20.00
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US Space Heating Fuel Types

[ ] = —

MNatural Gas Electricity Fuel Qil Kerosene LPG Cther

Table 1: U.S. Households with Space Heating Fuel and Cost in 2001
(Table data taken from the United States Department of Energy EIA, 2001)
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Geothermal

Liifity Combuston
(gsifcaton technalogy)
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Matural Gas
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Outcomes
eyt

Net Energy Ratios for Wisconsin Space Heating Fuels

Fuel Type Mast Efficient Least Efficient Average
MNet Energy Hatic MNet Energy Hatio MNet Energy Hatio
Feothemmal 0.45 0.23 0.36
Green Wood Chips 0.70 0.80 0.60
VWood Pellets 0.76 0.61 0.68
Corn 0. 75 0.84 0.70
Heating Cil 0.82 0 .85 0.74
Switchgrass 0.70 0.72 0.75
L PG 0.90 0.7 0.81
Matural Gas 0.92 0.73 0.82
AVERAGES 0.77 0.60 0.68
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Outcomes
eyt

Fossil Energy Ratios for Wisconsin Space Heating Fuels

Fuel Type Most Efficent Fossil Least Efficient Fossil Average Fossil

Energy Hatic Energy Hatic Energy Hatio
Zeothemnal 1.0 0.3 0.8
Heating Cil 8.0 4.0 5.0
Corn 6.5 4.0 5.3
Switchgrass 9.9 9.1 9.5
Wood Pellets 113 7.8 9.6
LPG 12.4 7.8 108
Matural Gas 16.8 118 143
Green Wood Chips 211 8.8 140
AVERAGES 107 B.T 8.7




Most and Lea st EMficient Fossll Enargy Ratlos
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Outcomes
eyt

Total Life Cycle GHG Emissions for Wisconsin Space Heating Fuels

Fuel Type Maost Efficient Least Efficient Average GHG Emissions
GHG Emissions GHG Emissions {lbs CO2 eq.)
(lbs CO, eq.} (Ibs CO2 eq.)
Matural =as 134.1 1337 1339
LPG 150.3 th3 1538
Heating il 191.8 2153 203.5
Wood Pellets 204.6 283.6 244 1
Geothemmal 1902 3154 2528
Green Wood Chips 26838.9 2728 270.8
Switchgrass 2495 313.0 281.3
Corn 28561 28933 2882
AVERAGES 2093 248.0 228.T




2

Ibm O .

Mot and Least Efficlant GHG Emis slons (Ibs CO, oq.)

CO2 footprint is affected the greatest by th
fuel's percent carbon content and energy

density
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Outcomes
eyt

Total LCA Greenhouse Gas Emissions w/o Combustion +

Net Greenhouse Gas Emissions with Combustion

Fuel Type Most Efficient Least Efficient Average Met
GHG Emissions GHG Emissions GHG Emissions GHG Emissions
(Ibs CO, eq.} (lbs CO, eq.} (lbs CO.eq.} (lbs CO,eq.}
Gresn Wood Chips 0, 9.2 7.3 120 €
Matural (as 165 160 162 1339
Corn 140 222 18.1 18.1 2
LPG 1458 214 179 153.8
Switchgrass 267 359 31.3 283
Wood Pellets 180 51.8 248 0
Heating Cil 308 54.5 427 203.5
Zeothemal 117.8 20210 15698 2528
AVERAGES 204 516 41.0




Mat Grasnhouss Gas Emissions (Ibs COZsq )

GHG footprint accounts for carbon
dioxide sequestered during the
growth cycle of the plant species.
This value further assumes that
the carbon emitted during
combustion of the herbaceous
and woody crop is offset by
carbon sequestered during growth
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Outcomes

Life Cycle Process Costs for Wisconsin Space Heating Fuels

Fuel Type

Most Efficent Life-Cycle
Process Cost

Least Efficient Life-Cycle
Process Cost

Average Life-Cycle
Process Cost

Matural Gas =074 2300 2187
Green Wood Chips 3182 3271 3217
LPG 5113 3515 33.14
Heating Cil 5237 %535 $3.88
Coen 5299 2453 53.98
Switchgrass 2350 =440 2400
Wood Pellets 52.51 54.52 S54.01
Zeothemal 53.08 58.90 35.44
AVERAGES 5248 S463 53.56




Procass Cost (§)

57.00

30.00

50.00

=200

5$3.00

3200

31.00

50.00

Most and Least Efficient Process Cost

Bl===t Efficient

Eheost Efficient

Matural Gas Green Wood

Chips

LPG Switchgrass W ood Pellets Hesting Cil Cormn Zeothermal

Fuel Type




Sensitivity Analysis

e \What if Wisconsin policy offset 25% of all
residential petroleum and natural gas used for
space heating with wood pellets?

——— Natural G
Natural Gas AL

POLICY Petroleum

Petroleum

2005 2025



Sensitivity Analysis
S ———

Parameter Sensitivity Analysis for LCA GHG Emissions in Wisconsin

Fuel Projected Values Projected Values
(2025 with current practice) (2025 with 25% wood pellet offset)
Energy Total Met Emissicn Totals Energy Totsl Met Emissicn Totals

{trillion Btu) (tons GO [ Trillion Btu) (tons T
Maturael a5 1681.0 10,774,825 120.8 8,081,154
Fetroleum 312 2,744 7a)* 234 2,068 565
Wood Pellets 0 a 48.1 -2, 234 441"
Totals 1922 13.519,0685 1922 7. 005307
2 Assumes 30 3verage LCA emisshon value Detwesn nesting alland LPG
b Assumes 30 Iverage emission fokal for most and least eMclent LCA Tor wood sl peliets




Sensitivity Analysis Findings
S ———

e Decrease of 5,614,357 tons of CO,

e GHG reduction of nearly 41.5%

- Most efficient cycle = 44.5% reduction
- Least efficient cycle = 38.6% reduction



Conclusion

A
e \Wood Pellet Fuels:

- Possess an average net energy ratio

- Possess an above average fossil energy ratio

- Are sustainable and have a negative net CO, footprint

- Have above average LCA costs (as do most renewables)

- Provide a reasonable alternative to fossil fuel energies in
Wisconsin (as they would in many other regions of the US)



Considerations for each US region
S ———

e Biomass resource availability
e Importance of combustion efficiencies
e Cost variations of each fuel due to transport

e Variance In carbon sequestration
- Further environmental impacts (NO,, SO,, PM)

e Policy approaches could vary due to above



THANK YOU FOR YOUR ATTENTION!
A —

Josh did a wonderful job and my appreciation
goes out to him and the UW-GB for
facilitating this project and expanding on it
further.

Any further questions feel free to ask or emalll
me at tj@marthwood.com




